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Abstract
The thesis entitled "Synthesis of Camptothecin analogues, Luotonin-A, Linopyridines and novel synthetic methodologies" is divided into four chapters. Chapter-I deals with Synthesis of biologically active molecules and is sub-divided into three sections. Section A deals with the Synthesis of camptothecin analogues. Section B deals with microwave-assisted synthesis of cytotoxic alkaloid Luotonin A. Section C deals with the solid-state synthesis of Linopyridines. Chapter-II deals with aza-Diels-Alder reactions and is sub-divided into two sections. Section A deals with Synthesis of cis-fused pyrano- and furanoquinolines. Section B deals with Synthesis of pyranoquinolines, indenoquinolines and phenanthridinone derivatives. Chapter-III deals with Synthesis of tetrahydropyranols and trans-fused pyranobenzopyran derivatives and is sub-divided into two sections. Section A deals with Synthesis of tetrahydropyranols via Prins cyclization. Section B deals with Synthesis of trans-fused pyrano[3,2-c]benzopyrans through (4+2)cycloaddition of o-quinonemethides. Chapter-IV deals with Lewis acids catalyzed Ferrier rearrangement and is sub-divided into two sections. Section A deals with Stereoselective synthesis of C-glycosides from D-glycals. Section B deals with Stereoselective synthesis of O-glycopyranosides form D-glycals. Chapter I: Section A: Synthesis of Camptothecin analogues Camptothecin 1 is chemically a novel pyrrolo (3,5-b) quinoline alkaloid that was originally isolated from a Chinese plant Camptotheca acuminata Decne (Nyssceae). It shows remarkable antitumour and antileukaemic activities. 22-Hydroxycuminatine 2 was also isolated from Camptotheca acuminata and exhibits prominent cytotoxicity against P-388 leukaemia and KB test systems in vitro. 
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Synthesis of ABC ring system (4): Synthetic sequences followed for the construction of ABC ring system, from commercially available glycine 6 is outlined in Scheme 2. 
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Thus glycine was converted to compound 7 by a known sequence of reactions; accordingly glycine ester 8 underwent tandem N-alkylation and Dieckmann cyclisation with ethyl acrylate followed by condensation with aniline 10 to give compound 11. Cyclization of compound 11 under thermal conditions gave product 12, which was further converted to 13 using dimethyl sulphate and potassium carbonate in refluxing acetone. Compound 13 was treated with ethanolic sodium hydroxide to afford pyrroloquinoline 4. Synthesis of bromolactone (5): 3,4,5-Trimethoxybenzoic acid 14 was treated with aqueous formaldehyde and hydrochloric acid under reflux conditions to give lactone 15, which on treatment with NBS in refluxing CCl4 afforded bromolactone 5 as shown in Scheme 3. 
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Condensation of pyrroloquinoline (4) with bromolactone (5): The coupling reactions between pyrroloquinoline 4 and bromolactone 5 was achieved by using 10% pyridine in anhydrous acetonitrile to afford aldehyde 16 which was further treated with 10% sodium acetate in acetic acid to give the target molecule 3 as described in Scheme 4. 
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Section B: Microwave-assisted synthesis of cytotoxic alkaloid Luotonin A According to our synthetic strategy, Luotonin A 1 can be retrosynthetically cleaved into two major fragments, a tricyclic lactam 2 and isatoic anhydride 3 as described in Scheme 1 
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I) Synthesis of a tricyclic lactam (2a): The tricyclic lactam was constructed using Friedlander condensation as the key step. Accordingly, methyl acrylate 4 was treated with benzyl amine 5 to afford Michael adduct 6 which on treatment with diethyl oxalate in the presence of sodium methoxide and followed by acidic hydrolysis gave the diketopyrrolidine derivative 8. The condensation of 8 with 2-aminoacetophenone 9 gave tricyclic pyrroloquinoline derivative 10 which was further treated with sodium in liquid ammonia to afford desired lactam 2 (Scheme 1). 
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II) Condensation of lactam (2) with isatoic anhydride (3): Microwave irradiation has been employed for the cyclocondensation of 3-oxo-1H-pyrrolo (3,4-b) quinoline 2 with isatoic anhydride 3 in solvent-free conditions to afford target molecule 1 as depicted in Scheme 3 
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Methyl Analog of luotonin A 1a was isolated in 87% yield within 6 min when an equimolar mixture of lactam, i.e. 3-oxo-1H-pyrrolo (3,4-b) quinoline 2a and isatoic anhydride 3 was subjected to microwave irradiation at 450 watts (BPL, BMO-700T, microwave) in solvent-free conditions. Similarly, luotonin A 1b was synthesized in 85% yield under the similar reaction conditions. Other lactams such as 2-pyrrolidinone 2c, d-valerolactam 2d and e-caprolactam 2e, were also coupled with isatoic anhydride 3 under microwave irradiation to afford the corresponding quinazoline derivatives 1c-e in high yields (Scheme 4). 
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Deoxyvascinone (entry 1c) was obtained in 92% yield within 6 min under microwave irradiation. The quinazolines (entry 1c, 1d, 1e) are important precursors for the synthesis of various biologically active molecules. Section C: Solid state synthesis of Linopyridines Alzheimer's disease (AD) is the most common cause of dementia in the elderly. It is a fatal disorder that robs its victims of their most precious organ, the brain, by slowly destroying the complex web of neuronal connections that support cognitive processes such as thought and memory. In addition to memory loss, patients may exhibit agitation, combativeness, hallucinations, depression, sleeplessness and wandering. The symptoms of dementia seen in AD are associated with cholinergic loss. A number of drugs are presently in clinical trails for the treatment of Alzheimer's disease, and among the best known of these are the acetylcholinesterase inhibitors tacrine, velnacrine and huperzine A and the neurotransmitter release enhancer linopyridine 1. The intended action of these drugs is to increase the level of the neurotransmitter acetylcholine (ACh) in the brain. 
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According to our synthetic strategy, Linopyridine 1 can be fragmented into two synthons, oxindole 2 and 4-picolyl chloride 3 as depicted in Scheme 1 
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The oxindole 2 was prepared in two steps from aniline 4and chloroacetyl chloride 5. The treatment of diphenylaniline with chloroacetyl chloride gave compound 6, which was further cyclized by using aluminium chloride to afford desired product 2 as shown in Scheme 2. 
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The condensation of oxindole 2 with 4-picolyl chloride 3 was achieved by using KF-Al2O3 under microwave irradiation in solvent-free conditions as shown in Scheme 3. 
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A simple and rapid method has been developed for the synthesis of linopyridines from oxyindoles and 4-picolyl chloride using the solid supported reagent system KF-Al2O3 under microwave irradiation. Chapter II: Aza-Diels-Alder reactions Section A: Synthesis of cis-fused pyrano- and furanoquinolines A novel and efficient method has been developed for the synthesis of pyrano- and furanoquinolines from aryl amines and cyclic enol ethers using a cheap and recyclable heterogeneous catalyst i.e. montmorillonite KSF. The treatment of anilines with 3,4-dihydro-2H-pyran (DHP) in the presence of montmorillonite KSF in acetonitrile at ambient temperature afforded the corresponding pyrano[3,2-c]quinoline derivatives 2 and 3 in high yields (Scheme 1). 
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In most of the cases, the products were obtained as a mixture of endo-and exo-isomers, favoring endo-diastereomer. The stereochemistry of the products was assigned on the basis of coupling constants of the bridge protons and NOE cross peaks. Furthermore, the reactions of anilines with 2,3-dihydrofuran in the presence of montmorillonite in acetonitrile resulted in the formation of furano[3,2-c]quinoline derivatives (Scheme 2). 
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In all cases, the reactions were clean and highly diastereoselective, affording the corresponding endo 4 with only a minor amount of the other exo 5. Finally, the clay was recovered by filtration, washed with methanol and recycled in subsequent reactions (after activation at 120o C for 4-5 hours) with gradual decrease in activity. for example, the reaction of aniline and dihydropyran under the present reaction conditions afforded 87%, 83% and 78% yields over three cycles. Section B: Synthesis of pyranoquinolines, indenoquinolines and phenanthridinones 5M LiClO4 in diethyl ether (5M LPDE) is found to catalyze efficiently the imino-Diels-Alder reactions of aldimines with various olefins under mild reaction conditions. The enhanced reaction rates and selectivity was observed in imino-Diels-Alder reaction in 5M LPDE medium. The mild Lewis acidity of the lithium ion in diethyl ether activates the imines (Schiff's bases) to behave as heterodienes in this reaction. Several aldimines were treated with 3,4-dihydro-2H-pyran in 5M LPDE medium to afford corresponding pyrano [3,2-c] quinolines in high yields as a mixture of cis- and trans-isomers (Scheme 1). 
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Similarly the treatment of cyclohexenone with Schiff's base gave the corresponding phenanthridinone derivative as a mixture of cis- and trans- isomers, which were separated and characterized by spectroscopic analysis (Scheme 2). 
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2-Cyclohexenone is a dienophile of low reactivity. The coordination of the carbonyl functionality of the cyclohexenone with LPDE increases the reactivity of dienophile and enhances the yield. However the treatment of indene with aldimines gave indenoquinoline derivatives as a single isomer, which was confirmed by 1H NMR spectra (Scheme 3). 
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5M Lithium perchlorate in diethyl ether (LPDE) was found to be an excellent reaction medium for the synthesis of pyrano, indenoquinolines and phenanthridinone derivatives involving [4+2] cycloaddition reactions of aldimines with 3,4-dihydro-2H-pyran, indene and cyclohexenone respectively. 


Chapter III: Section A: Synthesis of tetrahydropyranols in situ Prins- cyclization A novel and environmentally benign process has been developed for the synthesis of 4-hydroxy-2,6-disubstituted tetrahydropyrans using an inexpensive and reusable solid acid, montmorillionite clay. Homoallylic alcohols smoothly underwent cross-coupling reactions with aldehydes on the surface of montmorillonite clay to generate 4-hydroxy-2,6-disubstituted tetrahydropyrans in high yields with high diastereoselectivity (Scheme 1). 
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The stereochemistry of the product was assigned by coupling constants of the protons in the 1H NMR spectrum and NOE studies. The clay catalyst was recovered by filtration, washed with methanol and recycled after activation over three cycles with gradual decrease in activity. Section B: Synthesis of trans-fused pyrano[3,2-c]benzopyrans through (4+2)cycloaddition of o-quinonemethides o-Quinonemethides are useful intermediates for the synthesis of many oxygenated heterocycles. Scandium triflate has been employed as an efficient and reusable Lewis acid for the synthesis of fused tetrahydropyrano [3,2-c] benzopyrans involving intramolecular (4+2) cycloaddition of o-quinonemethides. The treatment of o-hydroxybenzaldehydes with 5-methyl-4-hexen-1-ol and trimethyl orthoformate in the presence of 5 mol% Sc(OTf)3 in dichloromethane at ambient temperature gave exclusively trans-fused pyrano [3 ,2-c] benzopyrans 2 in high yields (Scheme 1 
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Only a single diastereomer was obtained in each reaction, the structure of which was established by 1H, 13C NMR and mass spectroscopy. The scope and generality of this process is illustrated by reacting the substrates bearing electron donating as well as electron withdrawing groups in the aromatic ring. Chapter IV: Lewis acids catalyzed Ferrier rearrangement Selective A: Stereoselective synthesis of C-glycosides from D-glycals InBr3 has been utilized as mild and efficient Lewis acid in promoting the C-glycosidation of glycals with silyl nucleophiles. The treatment of tri-substituted-D-glucal 1 with allyltrimethylsilane in the presence of 10 mol% indium tribromide at ambient temperature led to the formation of 2,3-unsaturated allyl glycoside 2 in high yields with high a-selectivity (Scheme 1). 
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In a similar fashion, various glycals reacted smoothly with trimethylsilyl cyanide to give the corresponding C-glycosyl cyanides in excellent yields with good a-selectivity (Scheme 2). 
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Other glycals such as 3,4,6-tri-O-acetyl-D-galactal also reacted efficiently in high yields at ambient temperature (Scheme 3). 
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This method provides high yields a-C-glycosides in a short period with greater anomeric selectivity. 



Section B: Stereoselective synthesis of O-glycopyranosides from D-glycals 
A simple and highly efficient protocol has been developed for the O-glycosidation of 3,4,6-tri-O-acetyl-D-glucal with diverse alcohols using a catalytic amount of scandium triflate (Scheme 1). 
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The treatment of tri-O-acetyl-D-glucal with primary, secondary, benzyl, allyl and propargyl alcohols afforded the corresponding alkyl 2,3-unsaturated glycosides 3, in high yields with the a-anomer as the major product. Likewise, the tri-O-acetyl-D-glucal was rapidly glycosidated with phenols in the presence of Sc(OTf)3 to obtain aryl 2,3-unsaturated glycosides in excellent yields with high a-stereoselectivity (Scheme 2). 
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These results encouraged us to extend this method to the synthesis of sugar amino acids that are useful precursors in the synthesis of glycopeptide building blocks (Scheme 3) 
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Finally, scandium triflate was almost quantitatively recovered and reused in the Ferrier rearrangement without significant loss of activity. 



